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TTTLE 
Sensors 

DESCRIPTION 
Teclmical Field 

The present invention relates to sensors, and in particular to sensors that can be used 
for capacitively measuring the distance to either a stationary or passing object 

Background Art 

Ih many industrial measurement applications titiere is a need for a sensor that can be 
used at high operating temperatures to measure the distance to either a stationary or 
passing object. A typical application is the measurement of clearance between the tip 
of a gas turbine engine blade and the stirrounding casing. In this situation the 
operating temperature of the sensor can reach 1500°C. Other applications including 
molten metal and molten glass level measurement, for example, have similar 
operating temperature requirements. 

United States Patent 5,760,593 (BICC pic) describes a conventional sensor having a 
metal or metal-coated ceramic electrode that couples capacitively with the stationary 
or passing object The electrode is coimected directiy to the centre conductor of a 
standard triaxial transmission cable and is surrounded by a metal shield and an outer 
housing. The metal shield and the outer housing are connected directiy to the 
intermediate conductor and the outer conductor of the tribal transmission cable 
respectively. Electrical insulation is provided between the electrode and the shield 
and also between the shield and the housing. The insulation can be in the form of 
machined ceramic spacers or deposited ceramic layers. 

One problem with these conventional sensors is that they utilise an alternating 
combination of metal and ceramic materials. As the operating temperature of the 
sensor increases, the metal components tend to expand more than the ceramic 
components. This often results in stress fractures forming in the ceramic spacers or 
layers, which reduce their electrical performance and may even result in the 
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disintegration of de-laxnination of the ceramic components. Not only does this cause 
the sensor to fail electrically, but the disintegration or de-lamiaation of the cCTamic 
components also allows the metal components, to vibrate and this can result in the 
mechanical failure of the complete sensor assembly. 

5 

Gas turbine engine manufacturers now require an operating lifetime of at least 20,000 
hours for sensors that are to be fitted to production models. Although conventional 
sensors have been successfully used at high operiating temperatures for short periods 
of time, it is unlikely that they will ever be able to meet the required operating 
^0 lifetime because of the inherent weakness of the sensor assembly caused by the 
different thermal expansion properties of the metal and ceramic components. 

A further problem is the way in which the electrode, shield and outer housing are 
connected to the transmission cable. With conventional sensor designs, the 

-J 5 conductors of the transmission cable are directly connected to the electrode, shield 
and outer housing at a hi^ temperature region (i.e. a part of the sensor that reaches an 
elevated temperature in use). Many types of traiasmission cables (in particular those 
where the conductors are insulated xising mineral compounds) cannot be used at high 
temperatures and often feil after a short period of time. Furthermore, some 

20 conventional sensors do not have a hermetic seal between the transmission cable and 
the rest of the sensor assembly. This can allow moisture to penetrate the sensor 
assembly and reduce the performance of the sensor. 

Summary of the Invention 
25 The present invention provides a sensor for capacitively measuring the distance to a 
stationary or passing object, comprising an electrically conductive ceramic electrode 
for capacitively coupling with the object, and a housing that substantially surroimds 
the electrode. 

30 Because the electrode is formed from an electrically conductive ceramic, tiie sensor 
can be used at higher operating temperatures than conventional sensors that use metal 
or metal-coated ceramic electrodes. The housing is preferably formed from an 
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electrically non-conductive ceramic and may be of any smtable shape or size to suit 
the installation requirements. 

To isolate the electrode from any external electrical interference, the sensor can 
further comprise a shield that substantially surrounds the electrode and is electrically 
isolated from the electrode by an insulating layer. The shield is preferably formed 
from an electrically conductive ceramic. The insulating layer is preferably formed as 
a machined electrically non-conductive ceramic spacer. 

The electrically conductive ceranaic and the non-electrically conductive ceramic are 
preferably selected to have similar tiiermal expansion coefficients so that the sensor 
assembly remains virtually stress free at high operating temperatures. The electrode 
and the shield can be formed from SiC and the insulating layer and tiiie housing can be 
formed from SiN, for example. The electrode, shield and housing can be bonded 
togethCT using standard diBfiision bonding or vacuimi braising methods to form an 
integral ceramic "structure. The bonding provides a hermetic seal between the 
components that prevents the ingress of moisture into the sensor assembly and the 
transmission cable. 

The sensor can have a "captive" design so that if any of the ceramic components do 
fail for any reason then they are retained within the overall sensor assembly. 

Instead of joining the conductors of the transmission cable directly to the electrode 
and the housing at a high temperature region of the sensor, the conductors are 
preferably connected to electrically conductive bridges that are in turn coimected to 
the electrode and the housing. The electrically conductive bridges extend away from 
the front face of the electrode (i.e. tiie &ce that faces toward the object in use) so that 
the connection between the conductors and the electrically conductive bridges takes 
place at a low temperature region at the rear of the sensor. 

If the sensor does not include a shield then a coaxial transmission cable having a 
central conductor and an outer conductor can be used. Hie central conductor is 
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preferably connected to the electrode by means of a first electrically conductive 
bridge and the outer conductor is preferably connected to the housing by means of a 
second electrically conductive bridge. The first electrically conductive bridge 
preferably passes through apertures provided in the housing and the second 
electrically conductive bridge. 

The connection between the conductors and the electrically conductive bridges is 
preferably made using an adapter. The adapter can be shaped to accommodate a 
variety of different types and diameters of transmission cable. Furthermore, the 
adapts can connect the conductors to the electrically conductive bridges in a number 
of different orientations depending on the installation requirements of the sensor. For 
example, the conductors can be connected, such that the transmission cable extends 
away from the front face of the electrode substantially parallel to the electrically 
conductive bridges. Alternatively, the conductors can be connected such that the 
transmission cable extends substantially at right angles to the electrically conductive 
bridges. Other orientations are also possible. 

If the sensor does include a shield then a triaxial transmission cable having a central 
conductor, an intermediate conductor and an outer conductor can be used. The central 
conductor is preferably connected to flie electrode by means of a first electrically 
conductive bridge, the outer conductor is preferably cormected to the housing by 
means of a second electrically conductive bridge and the intermediate conductor is 
preferably connected to the shield by means of a third electrically conductive bridge. 
The first electrically conductive bridge preferably passes through apertures provided 
in the insulating layer, the shield, the third electrically conductive bridge, the housing 
and the second electrically conductive bridge. Similarly, the third electrically 
conductive bridge preferably passes through iaperture provided in the housing and the 
second electrically conductive bridge. 

The electrically conductive bridges can be formed from metal or electrically 
conductive ceramic and are preferably connected to the electrode, housing and shield 
using standard diffusion bonding or vacuiim braising methods. Although it is 
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generally preferred that the bridges are formed from electrically conductive ceramic, 
metal bridges can be used because they are connected to the electrode, shield and 
housing at an intermediate temperature region and so do not suffer significantly from 
the problems of thermal expansion. . The electrically conductive bridges can be made 
in any size or shape depending on the design and installation requirements of the 
sensor. 

An adapter is preferably provided to coimect the second and third electrically 
conductive bridges to the outer and mtermediate conductors, as described above. 

The second electrically conductive bridge can substantially surround the housing such 
that it extends a part or all of the way along the side face of the housing. However, it 
is generally preferred that ihe shield, the insulating layer, the housing and the second 
electrically conductive bridge do not extend along the front fece of the electrode. 

The use of electrically conductive bridges means that the sensor assembly can be 
manufrictured and tested before it is connected to the transmission cable using an 
adaptor. This is not possible with conventional sensors where the transmission cable 
has to be directly connected to flie electrode, housing and shield during the assembly 
process. 

The electrically conductive bridges can also be used with conventional sensors and 
those that utilise metal/ceramic and plastics/metal components. The invention 
Iherefore also provides a sensor for capacitively measuring the distance to a stationary 
or passing object comprising a electrode that capacitively couples with the object, a 
housing that substantially surrounds the electrode, a first electrically conductive 
bridge coimected to the electrode and connectable to the conductor of a transmission 
cable, and a second electrically conductive bridge connected to the housing and 
connectable to the conductor of a transmission cable. 

The sensor preferably further comprises a shield that substantially surrounds the 
electrode and is electrically isolated from the electrode by an insulating layer, and a 
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third electrically conductive bridge connected to tiie housing and connectable to the 
• conductor of a transmission cable. 



Drawings 

Figure 1 is a cross-section view of a sensor according to a jfirst embodiment of the 
present invention; 

Figure 2 is a cross-section view showing how the sensor of Figure 1 can be connected 
to a coaxial transmission cable in a first orientation; 

Figure 3 is a cross-section view showing how the sensor of Figure 1 can be connected 
to a coaxial transmission cable in a second orientation; 

Figures 4a and 4b are cross-section views showing how the first electrically 
conductive bridge can be adapted to substantially surroimd the housing of the sensor 
of Figure 1; 

Figure 5 is a cross-section view of a sensor according to a second embodiment of the 
present invention; 

Figure 6 is a cross-section view showing how the sensor of Figure 5 can be connected 
to a triaxial transmission cable in a first orientation; and 

Figure 7 is a cross-section view showing how the sensor of Figure 5 can be connected 
to a triaxial transmission cable in a second orientation. 

With reference to Figure 1, a "coaxial" sensor 1 has a cylindrical electrode 2 formed 
firom an electrically conductive ceramic material. A fi-ont face 3 of the electrode 2 is 
directed toward a stationary or passing object (not shown). The electrode 2 is located 
within and bonded to a housing 4 formed fi:om an electrically non-conductive ceramic 
material. The electrically conductive and electrically non-conductive ceramic 
naaterials are chosen so that they have a similar thermal expansion coefQcient and the 
sensor 1 remains virtually stress firee at high operating temperatures. 

A firont bridge piece S is located within the housing 4 and is bonded to a rear face 6 of 
the electrode 2. A rear bridge piece 7 is bonded to a rear fece 8 of the housing 4. The 
firont bridge piece 5 passes through apertures provided in the housing 4 and the rear 
bridge piece 7 to extend beyond the rear bridge piece. The aperture provided in the 



rear bridge piece 7 is wider than the front bridge piece 5 so that the two bridge pieces 
are separated by an anniilar air gap 9. 

The front and rear bridge pieces 5 and 7 are connected to the two concentric 
conductors of a mineral insulated coaxial transmission cable 20 as shown in Figure 2. 
The transmission cable 20 has a central conductor 21 and an outer conductor 22 
separated by a mineral insulating layer 23. An electrically conductive cylindrical 
adaptor 30 is used to join the froht bridge piece 5 to the central conductor 21 at a 
common interface 24 and the .rear bridge piece 7 to the outer conductor 22. 
Alternatively, the electrically conductive adaptor 40 shown in Figure 3 can be used. 
The adaptor 40 is designed to receive the transmission cable 20 such that central and 
outer conductors 21 and 22 are connected substantially at right angles to the front and 
rear bridge pieces 5 and 7 and the centreline of the sensor 1. 

It wiU be readily appreciated that the use of the adaptor 30, 40 means that the 
"coaxial" sensor 1 can be fiiUy assembled and tested before being connected to the 
transmission cable 20. It also means that the front and rear bridges pieces 5 and 7 and 
the central and outer conductors 21 and 22 are connected together at a low- 
temperature region or the sensor 1. 

In Figures 1 to 3, the rear bridge piece 7 is formed on the rear face 8 of the housing 4 
only. However, the rear bridge piece 7 can also extend along part or aU of the side 
fece 10 of the housing 4 as shown in Figures 4a and 4b. 

In operation, the "coaxial" sensor 1 is mounted so that the front face 3 of the electrode 
2 is directed toward the stationary or passing object. The electrode 2 is energised by a 
signal transmitted along the central conductor 21 of the transmission cable 20 so that 
it capacitively couples with the stationary or passing object. The changes in the 
capacitance detected by the electrode 2 are transmitted back along the central 
conductor 21 as voltage signals and converted into distance measurements so that the 
distance between the electrode and the stationary or passing object can be calculated. 
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With reference to Figure 5, a "triaxial" sensor 100 has a cylindrical electrode 102 
formed from an electricaUy conductive ceramic material. A front fece 103 of the 
electrode 102 is directed toward a stationary or passing object (not shown). Tlie 
electrode 102 is located within and bonded to an electrically non-conductive ceramic 
spacer 104. The electrode 102 and the spacer 104 are located within and bonded to an 
electricaUy conductive ceramic shield 105 which isolates the electrode from any 
external electrical interference. The shield 105 is located within and bonded to a 
housing 106 formed from an electrically non-conductive ceramic material. The 
electrically conductive and electrically non-conductive ceramic materials are chosen 
so tiiat they have a similar thermal expansion coefficient 

I 

A front bridge piece 107 is bonded to a rear face 108 of the electrode 102. An 
intermediate bridge piece 109 is bonded to a rear face 110 of the shield 105. A rear 
bridge piece 1 1 1 is bonded to a rear face 1 12 of the housing 106. The intermediate 
bridge piece 109 passes through apertures provided in the housing 106 and the rear 
bridge piece 1 1 1 to extend beyond the rear bridge piece. The front bridge piece 107 
passes through apertures provided m the spacer 104, the shield 105, the intermediate 
bridge piece 109 and the rear bridge piece 111 to extend beyond the intermediate 
bridge piece and the rear bridge piece. . The aperture provided in the rear bridge piece 
1 1 1 is wider than the intermediate bridge piece 109 so that the two bridge pieces are 
separated by an annular air g^ 113. Similarly, the aperture provided in the 
intermediate bridge piece 109 is wider than the front bridge piece 107 so that the two 
bridge pieces are separated by an annular air gap 114, 



The front, intermediate and rear bridge pieces 107, 109 and 1 1 1 are connected to the 
three concentric cpnductors of a mineral insulated triaxial transmission cable 50 as 
shown in Figure 6. The transmission cable 50 has a central conductor 51, an 
intermediate conductor 52 and an outer conductor 53 separated by mineral insulatmg 
30 layers 54. An electricaUy conductive cyUndrical adaptor 60 is used to join the front 
bridge piece 107 to the central conductor 51 at a common interfece 55, the 
intermediate bridge piece 109 to the intermediate conductor 52 and the rear bridge 
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piece 1 1 1 to the outer conductor 53. Alternatively, the electrically conductive adaptor 
70 shown in Figure 7 can be used. The adaptor 70 is designed to receive the 
transnussion cable 50 such that the central, intennediate and outer conductors 51, 52 
and 53 are connected substantially at right angles to the front, intermediate and rear 
bridge pieces 107, 109 and 111 and the centreline of the sensor 100. 

The ''triaxial" sensor 100 has the same technical advantages and may operate in the 
same way as the "coaxial" sensor 1 described above. It will be readily appreciated that 
different measurement electronics can be used with the "coaxial'' and "triaxial" 
sensors. 
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CLAIMS 

1. A sensor (1,100) for capaciiively measuring the distance to a stationary or 
passing object comprising an electrically conductive ceramic electrode (2, 102) for 
capacitively coupling with the object, and a housing (4, 106) tiiat substantially 
surrounds the electrode (2, 102). 

2. A sensor according to claim 1, wherein the housing (106) is formed from an 
electrically non-conductive ceramic. 

3. A sensor according to claim 1 or claim 2, further comprising a shield (105) 
that surroimds the electrode (102) and is electrically isolated from the electrode (102) 
by an insulating layer (1 04). 

4. A sensor according to claim 3, wherein the shield (105) is formed from an 
electrically conductive ceramic. 

5. A sensor according to claim 3 or claim 4, wherein the insulating layer (104) is 
formed from an electrically non-conductive ceramic. 

6. A sensor according to any preceding claim, further comprising: 

a first electrically conductive bridge (5) connected to the electrode (2) and 
connectable to the conductor of a transmission cable; and 

a second electrically conductive bridge (7) connected to the housing (4) and 
connectable to the conductor of a transmission cable. 

7. A sensor according to claim 6, wherein the first electrically conductive bridge 
(5) passes through apertures provided in the housing (4) and the second electrically 
conductive bridge (7). 

8. A sensor according to claim 6 or claim 7, wherein the second electrically 
conductive bridge (7) substantially surrounds the housing (4). 
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9. A sensor according to any of claims 6 to 8, further comprising an adaptor (30, 
40) for connecting the second electrically conductive bridge (7) to the conductor of a 
transmission cable. 

10. A sensor according to any of claims 3 to 5, further comprising: 

a first electricaUy conductive bridge (107) connected to the electrode (102) 
and connectable to the conductor of a transmission cable; 

a second electrically conductive bridge (111) connected to the housing (106) 
and connectable to the conductor of a transmission cable; and 

a third electricaUy conductive bridge (109) connected to the shield (105) and 
connectable to the conductor of a transmission cable. 

11. A sensor according to claim 10, wherein the first electrically conductive 
bridge (107) passes through apertures provided in the insulating layer (104), the shield 
(105), the third electrically conductive bridge (109), the housing (^.06) and &e second 
electricaUy conductive bridge (111), and wherein the third electricaUy conductive 
bridge (109) passes through apertures provided in the housing (106) and the second 
electricaUy conductive bridge (1 1 1). 

12. A sensor according to claim 10 or claim 11, fiirther comprising an adaptor 
(60,70) for connecting the second electricaUy conductive bridge (111) to the 
conductor of a transmission cable and the third electricaUy conductive bridge (109) to 
the conductor of a transmission cable. 

13. A sensor (100) according to claim 3, wherein one or more of the electrode 
(102), shield (105), insulating layer (104) and housmg (106) are bonded together. 

14. A sensor (100) according to claim 13, wherein the bonding provides a 
hermetic seal between the one or more of the electrode (102), shield (105), insulating 
layer (104) and housing (106). 
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15. A sensor (1,100) for capacitively measuring the distance to a stationary or 
passing object comprising: 

a electrode (2,102) that capacitively couples with the object; 

a housing (4, 1 06) that substantially surrounds the electrode (2, 1 02); 

a first electrically conductive bridge (5, 107) connected to the electrode (2, 
102) and connectable to the conductor of a transmission cable; and 

a second electrically conductive bridge (7, 111) connected to the housing (4, 
106) and connectable to the conductor of a transmission cable. 

16. A sensor according to claim 1 5, further comprising: 

a shield (105) that substantially surrounds tiie electrode' (102) and is 
electricaUy isolated fix>m the electrode (1 02) by an insulating layer (1 04); and 

a third electrically conductive bridge (109) connected to tiie shield (105) and 
connectable to the conductor of a transmission cable. 
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TITLE 
Sensors 

(Figure 1) 



ABSTRACT 

TTie invention provides a sensor (1) for capacitively measuring the distance to a 
stationary or passing object TTie sensor .(1) has an electrode (2) that capacitively 
couples with the object and is formed from an electricaUy conductive ceramic 
matenal. The electrode (2) is substantially surrounded by a housmg (4) formed from 
an electrically non-conductive c^amic. The electricaUy conductive and electricaUy 
non-conductive ceramic materials are choseh to that they have the simUar thermal 
expansion coefficients so that the sensor (1) remains virtuaUy stress free at high 
temperatures. 
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